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ABSTRACT: The objective of this research work was to evaluate the effect of applying different doses of
mineral fertilization, organic fertilization (worm humus) or arbuscular mycorrhizal fungi (Glomus hoi-like)
separately or in combination on the establishment of the strain IMI SD 187 of P. chlamydosporia var.
catenulata. The experiment was carried out using the tomato (Solanum lycopersicum L.) hybrid HA-3108
in a greenhouse at «Los 3 Picos» farm in Havana, Cuba. Colonization of the soil and roots by the selected
strain was assessed in each treatment. The number of P. chlamydosporia colony forming units in soil and
roots was directly related to the application of arbuscular micorrhizal fungi and worm humus according to the
Principal Component analysis and the biplot graph used. A direct relationship  between the mineral fertilization
and P. chlamydosporia colonization of roots was found, while it was inverse  respect  the soil colonization.
These results indicated that the nutritional treatments favored P. chlamydosporia (IMI SD 187) growth, with
more significant effects when the arbuscular mycorrhizal fungi were used combined with  the worm humus.
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Efecto de la fertilización mineral, orgánica y biológica sobre el establecimiento
de Pochonia chlamydosporia var. catenulata (Kamyschko ex. Barron y Onions) Zare & Gams
en cultivos protegidos
RESUMEN: El objetivo del presente trabajo fue evaluar el efecto de diferentes dosis de fertilización mineral,
fertilización orgánica con humus de lombriz y hongos micorrízicos arbusculares (Glomus hoi-like), aplicados
de manera separada o en combinación, sobre el establecimiento de la cepa IMI SD 187 de Pochonia
chlamydosporia var. catenulata. El experimento se realizó en cultivo protegido en la Granja «Los 3 Picos»,
La Habana, Cuba. Se utilizó tomate (Solanum lycopersicum L.), híbrido HA-3108, y se evaluó la colonización
de la cepa seleccionada en el suelo y las raíces para cada tratamiento. El análisis de componentes principales,
unido al gráfico de biplot, mostró una relación directa entre la utilización de micorriza y humus con el número
de colonias de P. chlamydosporia en el suelo y la raíz. La fertilización mineral tuvo una relación directa con
el número de colonias en la raíz e inversa con la colonización de este hongo en el suelo. Estos resultados
indicaron que los tratamientos nutricionales probados favorecieron el crecimiento P. chlamydosporia (IMI
SD 187) y el efecto combinado de micorriza y humus resultó ser el más significativo.
Palabras clave: Hongos Micorrízicos Arbusculares, fertilización inorgánica, Hongos nematófagos, humus de
lombriz.
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In Cuba, the integrated pest management is applied
in the vegetable production under intensive systems,
and the biological control agents (BCA) have great
importance (1). In this type of technology, the root knot
nematodes (Meloidogyne spp.) are the most important
crop pests  at the international and national scale (2,
3, 4).
The nematophagous fungus Pochonia
chlamydosporia (Goddard) Zare & Gams (former
Verticillium chlamydosporium Goddard) is a facultative
parasite of cyst and root knot nematode eggs. It is
commonly present as a facultative saprophyte in a great
diversity of soils of different agroecosystems worldwide
(5). The effectiveness of P. chlamydosporia in  reducing
root knot nematodes has been demonstrated largely,
and this effectiveness is increased when the fungus is
applied in combination with other control measures
such as the application of  green manures, organic
amendments or arbuscular mycorrhizal fungi (AMF) (6,
7, 8, 9).
The bionematicide KlamiC® is produced from the
Cuban native strain IMI SD 187 of P. chlamydosporia
var. catenulata and commercialized as effective for the
management of Meloidogyne spp. in intensive
production systems of vegetables (10). Nevertheless,
the effectiveness of this microorganism in agricultural
systems can be influenced by abiotic and biotic factors,
like the biological composition of the soil and the
competition with other microorganisms (11, 12).
Therefore, evaluating the influence of the agricultural
practices applied in the production system of vegetables
is essential for the adoption of tactics and strategies
favoring the establishment of this fungus in the
rhizosphere.
The objective of this study was to determine the
effect of different doses of mineral fertilization applied
alone or in combination with arbuscular mycorrhizal
fungi and worm humus on the establishment of P.
chlamydosporia var. catenulata strain IMI SD 187 in
soil and tomato roots under greenhouse cultivation.
The work was carried out in a greenhouse at «Los 3
Picos» farm in Havana, Cuba. Tomato (Solanum
lycopersicum L.) seedlings of the hybrid HA-3108 were
used.  Twenty five days after germination, the seedlings
were transplanted to beds containing Ferralitic Yellow
Gley soil (13). For the experimental work,  a split-split
plot randomized block design with four replications per
treatment was used.  A 3-way factorial arrangement
was used to evaluate the application of different doses
of mineral nutrients, worm humus and AMF, on the
colonization of P. chlamydosporia in the soil and tomato
roots. Table 1 shows the combination of the treatments
in the experimental area.
The doses of mineral fertilizers (0, 25, 50 or 100%.)
were applied to the main plots through the irrigation
water. According to Casanova et al. (14), the fertilizers
used in the fertigation system were: magnesium nitrate
(11-0-0-0-15); calcium nitrate (15.5-0-0-26), phosphoric
acid (85%), potassium nitrate (12-0-45), and ammonium
nitrate (34-0-0).g. Two treatments of worm humus (with
1 kg.m-2 or none) were used in the sub- plots. The sub-
sub-plots were or not inoculated with the AMF. A certified
inoculum of Glomus hoi-like fungi of an ecological
commercial product (Ecomic®) from the National
Institute of Agricultural Science (INCA, Cuba) was used
to inoculate the AMF, which were applied by coating
the seeds with a volume of product corresponding to
10% of the seed weight (15).
TABLE 1. Combination of treatments in the 
experimental area./ Combinación de tratamientos en el 
área experimental. 
 
 
Treatments 
Mineral 
fertilization 
(%) 
Mycorrhiza 
Glomus 
hoi-like 
(g) 
Worm 
humus 
(kg.m-2) 
1 0 0 0 
2 0 0 1 
3 0 2 0 
4 0 2 1 
5 25 0 0 
6 25 0 1 
7 25 2 0 
8 25 2 1 
9 50 0 0 
10 50 0 1 
11 50 2 0 
12 50 2 1 
13 100 0 0 
14 100 0 1 
15 100 2 0 
16 100 2 1 
 
Three days before transplanting the seedlings,
KlamiC® (a.i., P. chlamydosporia var. catenulata) was
applied to all the plots at a rate of 25 g.m-2 of soil (16).
An inundative application of the fungus was carried out
by spraying 1 kg of the product over each bed (40 m2
area) around the roots once a month during three
consecutive months. The experiment was established
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and carried out for five months (from December 2009 to
May 2010), and a second repetition was done one year
after (from December 2010 to May 2011). After each
period, the colonization of the substrate and tomato
roots by P. chlamydosporia was determined by counting
the number of colony forming units (CFU) according to
Kerry and Bourne (17).
The data obtained were log(x+1) transformed.
Treatment behavior regarding P. chlamydosporia growth
and the correlation between the different variables were
evaluated by using a principal component analysis and
a biplot graph using InfoStat version 1.1 (18).
Root and soil colonization by P. chlamydosporia was
in the range 3.33 x 102-3.53 x 103 CFU.g-1  and
9.83x102-1.56x104 CFU.g-1, respectively, at the end of
the experiment,t with no significant differences between
the two years (p›0,05). The analysis of principal
components showed an 87 % correlation. Two principal
components could explain more than 76 % of the
variance (Table 2). The first principal component (CP1)
showed a direct relationship between the use of
mycorrhiza or worm humus and the number of colonies
formed by P. chlamydosporia in the soil (CFUs) and
roots (CFUr), which indicated that these treatments
promoted the growth of the fungus. Fertigation, the
second component (CP2), showed a direct relationship
with the root colonization, but it was inverse  with the
quantity of CFUs in soil (Table 2).
establishment, even at a dose of 100 %. Treatments 5,
9, and 13 (with no application of mycorrhiza or worm
humus) showed lower P. chlamydosporia growth in the
soil and roots, and they were placed into the same
group of the control treatment (treatment 1). Treatments
with application of mycorrhiza or worm humus separately
presented an intermediate growth of the
nematophagous fungus.
TABLE 2. Relationship between the principal 
component analysis of treatments and P. 
chlamydosporia growth./ Relación entre el análisis de 
componentes principales de los tratamientos y el 
crecimiento de P. chlamydosporia. 
 
Variable CP1 CP2 
Mineral Fertilizers -0,161 0,947 
Mycorrhiza  -0,643 0,028 
Humus      -0,715 -0,243 
CFUr       -0,763 0,604 
CFUs       -0,782 -0,585 
Explained Variance 0,429 0,333 
Accumulated Variance  0,429 0,762 
Cofenetic correlation 0,87 
 
The biplot graph (Figure 1) revealed that the best
treatments with the highest CFUs and CFUr were 8, 12
and 16, where the application of mycorrhiza and humus
in combination with the fertigation at the doses of 25,
50 and 100 % respectively; according to these data,
the  fertigation did not affect  P. chlamydosporia
The establishment of P. chlamydosporia in the
rhizosphere is essential for survival of this fungus in
absence of the nematode host, as well as for nematode
control (19). Previous studies have demonstrated that
proliferation of P. chlamydosporia is more abundant in
organic than mineral soils (20). The present work
indicated that nutritional treatments favored the growth
of P. chlamydosporia, with a more remarkable effect of
the combined use of mycorrhiza and worm humus.
The application of Glomus hoi-like favored P.
chlamydosporia growth in soil and roots. Previous
studies by Puertas et al. (21) demonstrated the
compatibility of P. chlamydosporia var. catenulata (IMI
SD 187) and AMF (Glomus clarum) and the possibility
of combining them in  nematode management.  On the
other hand, the inoculation of Glomus mosseae and P.
chlamydosporia limited the development and
effectiveness of the nematophagous fungus in roots,
probably because of the competition between both
FIGURE 1. Behaviour of the treatments regarding P.
chlamydosporia growth./ Comportamiento de los trata-
mientos en relación con el crecimiento de P.
chlamydosporia.
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microorganisms in the rhizosphere (7). Studies by
Siddiqui and Akhtar (6) revealed a synergetic effect
between P. chlamydosporia and the AMF Glomus
intraradices on the reduction of galling and multiplication
of M. incognita and caused a significant increase of
tomato growth. Furthermore, the strain IMI SD 187 was
recently shown to be plant endophytic (22); this
capability could give this fungus a potential effect on
plant growth and health (23).
The studies by Theunissen et al. (24) proved that
the application of worm humus stimulated the increase
of microorganisms taking part in its decomposition,
promoted the synthesis of phenolic compounds that
improve the plant quality, and acted as a deterrent
against pests and diseases. Puertas and Hidalgo-Díaz
(9) observed that P. chlamydosporia growth was not
limited by worm humus, a result that agrees with the
results obtained in this work.
The mineral fertilization did not affect P.
chlamydosporia establishment, even in the treatments
where 100 % doses were applied. Mineral fertilizer per
se did not stimulate the saprophytic development of
the fungus, but it was related to root colonization by P.
chlamydosporia. This could be  by the fungus feeding
on root exudations. Fertigation has been reported to
have a more direct influence on plant growth and
changes in root exudations (25).
However, the indiscriminate application of mineral
fertilizers induces variations in the physical condition
of the soil, like changes in the pH and not optimal
cationic relationships, that result in unfavorable physical
properties of the soil and thus contributes to the
intensification of erosion and pollution of the environment
(26). These effects influence adversely on the microbiota
of the agroecosystem. A way to avoid the deterioration
of soil fertility in intensive farming is combining the use
of adequate quantities of mineral fertilizers with products
of microbial origin (27). Some studies demonstrate the
beneficial effects of the symbiotic association between
the AMF and plants. The combined application of AMF
and low doses of mineral fertilizers increase the
effectiveness of the mycorrhizal symbiosis, and an
optimum dose of fertilizers lower than the recommended
to obtain similar yields is achieved (28).
The results obtained by Charles and Martin (29)
showed a synergetic effect on the production of tomato
under a protected cultivation when they combined the
application of EcomiC® and worm humus with a dose
of 50 % mineral fertilization. In this sense, it was
interesting to note that combined application of
mycorrhiza and worm humus contributed to a better
establishment of the strain IMI SD 187 of P.
chlamydosporia var. catenulata at this intermediate level
of mineral fertilization in both years. Therefore, it is
feasible to integrate KlamiC® with these management
measures for the tomato crop in intensive production
systems, and it is recommended the conduction of
further research emphasizing their common benefits in
the growth and development of plants and the protection
against populations of root-knot nematodes.
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